Report  Documentation  Page 

Form  Approved 

OMB  No.  0704-0188 

Public  reporting  burden  for  the  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information, 
including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington 

VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  a  penalty  for  failing  to  comply  with  a  collection  of  information  if  it 
does  not  display  a  currently  valid  OMB  control  number. 

1.  REPORT  DATE 

DEC  2008 

2.  REPORT  TYPE 

N/A 

3.  DATES  COVERED 

4.  TITLE  AND  SUBTITLE 

5a.  CONTRACT  NUMBER 

Assembly  Of  Proteorhodopsin  For  Bioinspired  Alternative  Energy 

a  — 

5b.  GRANT  NUMBER 

/ippiltiUlUllb 

5c.  PROGRAM  ELEMENT  NUMBER 

6.  AUTHOR(S) 

5d.  PROJECT  NUMBER 

5e.  TASK  NUMBER 

5f.  WORK  UNIT  NUMBER 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Department  of  Chemistry  and  Life  Science,  United  States  Military 
Academy  West  Point,  NY  10996 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

10.  SPONSOR/MONITOR'S  ACRONYM(S) 

11.  SPONSOR/MONITOR'S  REPORT 
NUMBER(S) 

12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release,  distribution  unlimited 

13.  SUPPLEMENTARY  NOTES 

See  also  ADM002187.  Proceedings  of  the  Army  Science  Conference  (26th)  Held  in  Orlando,  Florida  on  1-4 
December  2008 

14.  ABSTRACT 

15.  SUBJECT  TERMS 

16.  SECURITY  CLASSIFICATION  OF: 

17.  LIMITATION  OF 
ABSTRACT 

uu 

18.  NUMBER 
OF  PAGES 

2 

19a.  NAME  OF 
RESPONSIBLE  PERSON 

a.  REPORT 

unclassified 

b.  ABSTRACT 

unclassified 

c.  THIS  PAGE 

unclassified 

Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std  Z39-18 


ASSEMBLY  OF  PROTEORHODOPSIN  FOR  BIOINSPIRED  ALTERNATIVE  ENERGY 

APPLICATIONS 


C.  Nguyen*,  and  J.  Ingram 

Department  of  Chemistry  and  Life  Science,  United  States  Military  Academy 
West  Point,  NY  10996 

H.  Liang*,  and  G.  Stucky 

Department  of  Chemistry  and  Biochemistry,  University  of  California  Santa  Barbara 

Santa  Barbara,  CA  93106 

*  Present  address:  Department  of  Metallurgical  and  Materials  Engineering,  Colorado  School  of  Mines 

Golden,  CO  80401 


ABSTRACT 

Proteorhodopsin  is  an  integral  membrane  protein  that 
functions  as  a  light-driven  proton  pump,  which  serves  as 
the  basis  for  an  alternative  energy  device.  While  many 
membrane  proteins  are  becoming  understood,  both 
structurally  and  mechanistically,  little  technology  exists 
for  the  production  and  incorporation  of  this  important 
class  of  molecules  into  useful  devices.  The  advantage  we 
have  in  working  with  proteorhodopsin  is  that  it  can  be 
genetically  modified  and  grown  in  the  laboratory  to 
express  different  optical  and  charge  properties.  The 
strategy  to  functionally  assemble  proteorhodopsin 
requires  manipulation  of  its  charge  interaction  for  induced 
self-assembly  in  a  lipid  bilayer,  followed  by  the  binding 
of  the  protein-lipid  complex  onto  a  conductive  substrate, 
such  as  Kapton™  or  borosilicate  coated  with  indium  tin 
oxide. 


1.  INTRODUCTION 

In  2000,  a  new  family  of  photoactive  trans-membrane 
protein,  known  as  proteorhodopsin,  was  identified 
through  genomic  analysis  of  marine  bacterioplankton 
(Beja  et  al.,  2000).  Subsequent  reports  show  that 
proteorhodopsin  is  ubiquitous  in  marine  environments 
(Beja  et  al.,  2001).  The  interest  in  proteorhodopsin  is 
because  of  its  demonstrated  ability  to  pump  protons 
across  cell  membranes  (Beja  et  al.,  2000).  In  nature,  this 
action  produces  a  pH  gradient  that  the  organism  uses  to 
generate  ATP  for  cellular  energy.  In  the  laboratory, 
variants  can  be  easily  expressed  in  E.  coli  to  obtain 
spectrally  tuned  protein  with  variances  in  pH  stability  and 
proton  pumping  efficiency. 

The  ability  to  manufacture  proton -tight,  artificial, 
biological  membranes  containing  functional,  oriented 
proteins  is  the  limiting  technology  for  a  variety  of  devices 
ranging  from  biosensors  to  photovoltaic  cells.  While 
many  membrane  proteins,  such  as  receptors,  transporters, 
light  driven  proton  pumps,  and  catalysts  are  becoming 


understood,  both  structurally  and  mechanistically,  little 
technology  exists  for  the  production  and  incorporation  of 
this  important  class  of  molecules  into  useful  devices.  In 
this  work,  we  are  developing  a  cooperative  assembly 
process  that  will  be  used  as  the  basis  for  functional 
proteo-gradient  membrane  units. 

2.  MATERIALS  AND  METHODS 

Proteorhodopsin  was  expressed  and  purified  as 
reported  (Kelemen  et  al.,  2003).  Liposome  membranes 
consisting  of  l,2-dioleoyl-3-trimethylammonium-propane 
(chloride  salt)  and  l,2-dioleoyl-sn-glycero-3- 
phosphocholine  were  purchased  from  Avanti  Polar 
Lipids,  Alabaster,  AL,  and  prepared  as  reported  (Liang  et 
al.,  2004).  N-dodecyl-8-D-maltoside,  purchased  from 
Sigma-Aldrich,  was  used  at  a  concentration  of  0.05%  in 
buffer  solutions  to  maintain  proteorhodopsin  in  its 
solubilized  form. 


3.  RESULTS 

We  have  achieved  a  comprehensive  understanding  of 
the  size  and  photoactive  properties  of  the  proteorhodopsin 
and  have  assembled  the  protein  into  a  functional  two- 
dimensional  and  three-dimensional  membrane 
configuration.  Preliminary  results  show  that 
proteorhodopsin  can  cooperatively  assemble  with 
artificial  biological  lipid  membranes  to  form  multi- 
lamellar  structures.  Depending  on  the  pH.  membrane 
charge  density  and  hydrophilic  loop  region  sequences,  the 
protein  will  organize  into  different  arrays  of  two- 
dimensional  lattices.  Furthermore,  adjacent  membranes 
can  couple  to  form  multi-lamellar  superlattices  (Liang  et 
al.,  2007,  2008).  The  work  with  Kapton™  and 
borosilicate  coated  indium  tin  oxide  are  being  further 
developed. 
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CONCLUSION 
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